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5% @ - Dekevmine the product of Xi(k) and Xa(k)
[ ot the product be X3 (k) = Xi(K) Xa(k) -

;{e")@;, BCLJ convolution of DFT
DET[Xe(n) # Xa(n)] = Xi(K) Xq(K)



‘H\en, )(, (r\) % X;(r\) = Xv,(n ’OY\Cl
- K3 (k) X;(k) Xa (k)

% Yaln) = TOFT[%s(k) = ToFT[% ()Y )

@ ‘pncl e cisculay convolution of the ‘Fbllowmﬂ geciU?nce

using DFT and IDFT ) |
xm= {1,2.1,4) . e
S (n) - fu,2,9, )} |

B DR - w00 - Zmn) & Tk
Q_Kr\
= X (K) = ZX|(”)€

Q’EK —)TK L3y
2 %, (k) = %0)e +x,0)e +X®e7 4 XY *

— )Tk )Tk - 3T
()= 1+ 297y 167 4 QeI T

,

k L7 X (1) = 1+2(co51—J5m 3 (COSTT—J““T’)“*‘@(‘:OS(E\ ‘}5’”@
| S l+zz(o J>+(—0+a(o+)> -2 -A+Y =0

-—

kO X, (0)= 1+9+1+2= 6

—J 3N

ks X’(3>-l+@e“+ﬁe +Q-J‘¥

| -(+9[0+)]+1[,+@+3[ | =i A-9r= 0
Xi(k) = {6,0,-9,03 | 2



l i) 3 iom
n=o0

DFT[’“(”)] = XdK) # i L(n) e =
h=0
s -3 '.G
Yo () = Ta(©e + %a) e VK 4 Rg@ & 4 ha@ e %K

—"n’ _ .
Xq(K) = L+ 3€JER+ @eJWk+ ie_J'B'g'K

K-0; Xa(0) = L+3+2+1 = 10
k-1 Xa(1) = g + g[cos'fzr»jsm %]-(- Q[COS"T-J'Si”"]-k[cm(%r)’jsm(%[)]

2L+ 300-3)+9E0 +(0+))= 4-F-2+) = 2-Q]

k-9: Xa(@ - 4+ 3e'JW+ Qe‘:’mi{— e-;,srr
s +3(n) +a(1-0) + (-) ~k-3+2-1= 3

K=35 Xa(3) = 4 + 3e’53§ 4+ Qe 4 e';"ii
= 4 +30+3)+a(-)+ (0-3) = A3
Xa(K) = {10,9-9,92,2+2j}
Xs(k) = %i(K)- ¥a(K) = {6,0, 9,0Y{0,2-2),2,9+2]

Q.:) = 9+QJ

-

X3(k) = {GO ,0, -4, o}
Latn) = TOFT[xa(k) = IDFT[X(K-xa(k)] =

2 L am
: NEL%
:Z;X3Ck)€ z "\
g il j 2 9n . Qn
=+ [Xscm S () e F 4 xa@e # 7 4 xy e z o]

N-1 - QT
711—2 xa(k)e’ N n=0il, K
k=o

ot [eoer+ 04 €™+ ) = H[@-ae 5= M

N=-0; Xa(0) = 16-¢€" = 16-L=14
n=1; % [5—[(:051’(—3 SinTr:): (5‘—[—] ——o] - ls+l =16
n=9;. 13(52) = |5 -[COS QN—JSinQTd: 152 ['.-0]; G-1= |4

N=3; Xa(3) = (5-[cos 31 —jSin 31) = |5-[-1-0) = 54 = (6

rxg,(n) - {416, 1a "G’ﬂ

1l




COnvo(ubon Oﬁ (ong seq,uenceﬁ (Sec’mned Méﬂﬂoc})
>

M) Pesfosm the Qmeax convotwhon of ﬂxe following Sequence using
Oveslap - add method ' ‘
8 lsexm={1,9,-1.2,3,-2,-3, -, 9, ~1]
il e \—/‘\/’—/ L,,—Y———d
Mehe)={La} Az de
Sjce.___E_(D Ls=12, M=29
| | = N-M41 o+ N=2"-2=4
L= -9+ -
| =3 |
 Slp-@7 Ai0) = {l‘a—l o}
73 Mot podding
t X)_Cﬂ): {2’31‘9;O?(
X3(n) = ,{—31-,/ |,O}j =
’ lu(n):{l;gl“',O} ’
Sie-®: Ay = {1 4]

himy = {102, o,o}
A L—I) pacldma 2e10S8

gfﬂ__._, [g(n)] = x(n) % hn)

NXI NXN N X
(o) - o =1 gl (] . :
19 1 o allals] 4] Y= fies,-ad
L T N | 3 -
O -1 2 o [~
| 9 o -3 3 g
| ﬁa(”)= 3.2 0 -9 Q-] 3 (n {@ ERR i 4}
-3 3 4| oll o Lt
O -2 2 g/ ol ' -4.




[—‘3 0 l {‘f 2o
Ys0) = [ =1 -3 o |
3 . 4 <}
SR | B Bl I3 - {-3,-3,-1.9)
0 L
5"0.} Al
- A 1
[
4(n) =
5 Q 6 -~ |1& | bW 34@,):{!,1;,3,—2}
-t 4 o] 6 3 b
& =l 2 ! O -QJ
Glep-©:
| 4 3 -2
Q 1 L -
-3 -7 -1 92
l 4 3 -2
. S— o .
g(n)=lu3o7n~7q_|3u3——ﬂ
g(n): ,[l) 1+;3; O,—’{";I—(,-;,-:},"‘) 3/(4:%/_9:}
@'gncl the ofp '-ﬁjneax convoludion of
x(m:{l.a,z,3,9,w,~»,~@,-3,+6,6,~"ﬂ,0,9,'}
£ (n) = {3,9,[,,} A scume the block fength F.
’A/,}' N :::F L5:’6 M'; L{’" 'X'(n):{"Q;B/B’O)O)O}
[_; N M+j x:)—(n) :{9;',4/‘9,0;0;09
=T- 4+ 13(n):{~3,+5,6,—|,0,o,0}
L =4 'Xu(n)z{?),O,f),!,o,o,o}
2y - {3.9,1,1,000}
(1 o o o 3 3 all 2
19 1 0 O o 3 3|2
y=|5 2 1 o o o 3| Ym={3,8,1n,18,1, 6,3
3 3 & ! oo all!
o 3 3 2 1 0 0o)o0
6 0 5 3 & I 01| o
N ko o © 3 3 2 o



| 9 0 6 6 -2 - N : l
‘ |, 2 6 0 0 -2 all2
4 * 0 0 -9 I
U (s — | _ -1 ﬂ 0 ‘ -
d;,(r.) =" =3 9 0 o o | 32(0)’@,4,|,-51_1"-3)\3}
o - ] v
6 -4 -1 | 2 o0 o]0
6o o -2 -1 W 2 0}f0
le © p -2 -I | 2] ol
r T
-3 0 6 0 -1 G 6’](3
5 3 0 06 0 - ¢l|la
¢ 5 -3 0 0 0 \ I | v {
' n)= 'Q,Q;QS,H, ]
- 6 5 2 O o O 1 i d5( ) q, 5,-[1
\Q -6 5 -3 0 ¢ }O
\o 0 -1 6 5 -3 o oJ
|00 0 -1 6 5 3]l 0
260 0 1 9 (3]
6 2 06 o0 o I 2|2
20 2 0 o 0 {! .
| 2 0 Q 9) 0 0 [ .34,(”):{61[*{8;(3)4 13,,}
6 1 2 9 9 O Oflo
c 0 1 2 o 2 ollo
[0 0 1.2 o 2le]
g(n)- 38 mLBYNG3"
i : 6 71 -5 -4 -39
£
| =9 925 na5 -
648 9403

\~

38 Iy 8 1% 134543 6 93 || 159 F 9 43|

1 5(”) :{3,8,lu, 18,13,13, 4, -5,-13,6,33,11,15,9,% 9, L,3, |}.



@f’evfozfm te lineay convolution using oveslap-ackl methecl
<= {12, -1, 3,-b, 1, -3]

hr) = {1, -1}
g Ls-8, M-2. N-a"- -4 = {1,-2, 0]
| = N-M+! Ya(n = {2,-1,0]
:zgaw xXs(n)= {3,-u, 0%
Assume , L=9 S el S {h,—z,o}‘
hy = {1.-1, 0% |
1o -l BRI
B‘(n) R oll=1l = 73| _ _‘j,(n): {l,-3,ﬁ}
0 -2 ' JL O | 2 | |
[a o - 9] |
3)_(“) - -1 2 0 ,’} = | -3 ga(h) = {9;%)'}
|0 - Q2] 0O i
BERCARE 2|
b0 = [u 30 *’J -1 Jy = 3, Fr 4]
0 -4+ 3J[0 b _
[, 0 -3[! L
g[}(n) - I O 7 - _"1 -SL}(”) :{‘L" ) ‘}»3}
(0 -3 Le|[ O 3
Ym = 1 -3 2
S w3 |
2 -1 Mk
L -1 3

| -3 4 -3 4 -+ 8 -1 3

Yoy = {1, -3, 4, -3, ~1,8,-1,3]



U 3 P
!
i

XCn) B {f,-@, Q’_', 3, -LI;L(,-B} b(n) = {‘;"’)}

ls -8, M=9
L=N-M+) N=9M_ o~ {4
=L-Q+) | -9 -
Ximy= {1,-0,01- . A= {"-10}
Lo(n)= {a,-1,0% Yy,n) = 1,-3,2]
| Y= 19,313

H3(n)= {3, -?,g;ﬁ
3a(n)={.'~!,"-}. 33

- |
3 -

4
_ y -3 3
l -3 4 -3 u-y 8 -%3

‘é(n) = {" -3, ‘-l;"'3/ L, "q' 18:'?/‘3}-
OVQUIOP SOve Me thod i

(D Pexfoym the ﬁmeaw convolution OF the 7%”0wm9 s'eq,uences'
using ovexlap - Sove method - ,
A0y = {1,-2,3,2,-3, 1, 3,-u}
fitmy = {1,9,-1]
B G .5, M3

| =N-M+1 N=gM-2%_¢
=8-3+]
L=0



(M-1)zevos
Yol = {-3, 4 ,3,-4,0,0,0,0%
(M-1) 1,(n)
Sk/ﬁ;@} hn) - f1,9,-1,0,0,0,0,0} ~

, O—"')'Zems
59%0)) | - x'(n)N)W e h(n)r\m

(0 4 -3 2 3 9 "\ V] fjn_l
0O 0 4 -3 Q2 3 -2 2 -k
Y = L 0 0 4 3 -2 3| '
2 1 0 o 4 -3 2|lo|” 0 |
3 9 + o O L 3|1 0 '2_
2 3,7-2.:t_ 0 LIl Of 'ﬂQ
3 9.3 -2 1. o ©Of]° # |
| -3 9° 3 -2 | ofl o) [™*A
Y = Aaln) ¥ oh(n)
| o
(.3 o 0 o0 0 -u 3 w || ! ez ]
y -3 o o 0 o -4 3 ) -2
gﬂG‘) = 3 & -3 0 _0 6 0 -—u ||~} V4 |
4 3 u <3 o o0 o ol "
O 4 3 4y -3 0o 0 ¢ |lO =1 ]
o O -u 3 L4 -3 o o 0 1+
o o0 0 -u 3 u -3 o [[© 6
56 o O o -u 3 « -3]|C] | O] |
v - -‘MI,O, -9,10, -2, - U} g(m:{_s-w-;
O Yin) = " 10 0} el
Ja(n) = lm ;T 0

Diccosd (M-1) from G and Ha(n) ek
H(ﬂ) - {'; 0.-9,10, -9,-Uu, Iy, —2,-ll,u podded toith zenss in
= ) ) )

Xz (n) So discanded
3(?)) = -{’/O/ -3 lO,*Q, -k, “41'21—“1 u‘} -



- @ ‘hnd 'H';Q ffneax convolution Y=g =

the following eeq,z,tences
xm = {3,-1,0,7,32.0. 1,2, ;}.
hio) = {1,1.0] Le =10
B Le-NeMir Neg-T=8

- =g-341 M=3

Le = ¢

i : - "\

Xn(n)=-“{O;O,3;-’,O,’l3,9% -

Xalo) = 3,4, o;l,z,),o,o]
4 ={1,1,1,0,00,0,0}

0 9 3 1 o -1 3%0][r
g(n) o o0 g2 3 ! 0 -1f3 f
"3 o0 2 3 1 o
-3 o 6 2 3 'Pollo
O.-1 3 o5 o 2 3filo| .
"o 5 3 o o a2tz
3 0 ~l. 2 0 O<>Q 6
At i3 il o~ ~I 3 04;'0 6 |
(n)~{69 3,2,9, 0,4/ 6}

-
20012t o allt
2206 1 & ( ofl!

gg("),’ 02 20 0 | 9 | |
' 1023 0 0 | 9llo
' o 1 o0 2 3. 0, 0 ' 5
9 1 O a3 g g 1o
0w, ! 2 1 OFRTY Mgl ot
D0 9., 100 2 3 )1 0]
T =1, 52,363}




Ty - {3.9,2,046,5,3,3, 6,3.]
g(n) = Ls+M-~-|

-—
—

=

3) Pestfosm the Linear convolution using oveslap - ad

|10 + 31
b2

and owveslap save method.

x(n)={l,—2,3,a,~3,u,z,fu}

-

d method

Xi(n={1,-2,3,0,0} -
Xl(n): {Q,-33U,O»O} o

X3(n) = {3'-(‘;/0/0;0}
fn)y=11.2,-1,0,0}

%(ﬂ): {'IQ,—'}
p Overlap acd method -
— __> ——
le =K . M=3
) = N-M+1 N=ff=8
=8-2+]1
L=6
o S E IS SN | NV T
31(“): -2 1 0 o 3{|l9Q]| _ @
3 2 ! O o) -1 e b=
o 3 -2 ' o]lo 8
b o 3 -2 (jlod |-3
[2 © oy 3|t (2]
gj(n) = 1-3 2 0 le) s 2 . +1
y -3 2 o0 ) el -4
o 4 -3 2 0 0 ,“
lo o 4 -3 aJ[od L7
(2 06 o o -y |[ 3
hy=1-4 3 o o6 ol |2
o -4y 3 0 Ol|-t] = /[-n
6 0 -¢x 3 o0 b
_O 0] O -u SJ_O 0
4y = I 0 -2 8 -3 s
R 2 2 -1 O
! 0 -2 10 -2 -u 14




n) = . ‘
g( {"O’ QI ,01 —91 —L{I’Lfl-g’—“, UIoj g(n): L}‘"H“i
B4y

‘I

g(n) — {l,O: -Q,10, -9, -U, I, ._2’_”/4} 3 3.

Q) let X(k) be the 4 -point DFTefthe lngth 14 of seal
Sequence x(n).The fist & Samples of X (K is givn

X0 = 8 X(5)= 346
X() = -a+52 x(6) = =l=j3 E
X(q) = 1+)3 X(2) - 5

x(3@ = 3-4 | |

%(5)=-8=% -1-55
Q) The DFT of 7veal se_q,uenc’e' 15

{Q; ":’?’/A /ggj ) Q, B, g’_)g ,C)
O”Vowon E,ls'ma ovexIap—qcld" "‘Qﬂ\(tl

giv@n bﬁ ‘
Find -8, C

B) find the fineox C
and oveslop Sove meihod

@Z(ﬂ): {u,u,B,B,_S)\,-é),),;} ’?j(n):‘@"}'

@ 1(n) = {I,B,Q,u,u,“ﬁe,z,;} iy = {1, -10]



F&SJE F)ufmey %ans-ﬁvm (FF7> :

J xm —> X(k)

Decimation N Decimation o

Lime (D'IT> | 'F(eqvuenaj CDIF)
\n) ‘k’ .
'Ih\’efse Fas{‘ E);m\\ex ﬁonsﬁfrn
CDIT - DIF
— 0dd C[,g) . ] > 6dd u('l5/3iq)
N=4 S N=8 \ |
Lo even (019-) L ‘ ’ even (O),L"l _g); 6)
. N-)
DFT[x(m] = % (k) = nzucm X (k) = TP FT[x(m]
ar
A
N-1 T
X(k):ZVL(”)@NJKO‘ yN-1 n=0,1l, ,N~-)
N=Do

pmpeg{lai (Qeal and Imagmomxib
X (k) = Xe(k) + Xz (K)

X(k) = Z [ + ()€
" Z ['sz(n)-%—ln: (n)] COS (Qn,\r:K) -—-J sin <QW:K}

K (k) = Z"lrz(ﬂ) cos (Q—"”' ) + ?(I(},) 3in <§7__Lp_¥_<)

N<o

XI (k) _ ﬁqu (r\) Sin (Q_TU_L’S) - 'XI('\) oS (ﬂﬂ'nk):‘




Séjh»m eb’ﬂ pmpeb{n

k+% , K
L\)N o '-l/\;\,
Peviodicity property -
k+n K
L\JN = L\)N
Decima‘bOn in time (roiix -g,) f’-:FT
> S =
Gl"ven Seguence, , |
A(n) = [X(o) x(), x(2), X(3, ..., x(N-3), -x(N~')]
odd sequence  §(ny = {xm , 1(3),1(5))_ o]
even sequence "—Felcn); [x©3, x0), 18, . . . FICED)
| - N-i
)((k)- Z'X-C“)Nkn ‘K=0yl, - -+- s N "'—>@
X(K) - Z'XCH) Z%Cﬂ)ww K=0,12.. .-'-,'N-);..)@
even geq odcl 3@1' ELTRE S .

peplace N = 9n in even Sequence

Oond N = - 9n+1 in ockd Sequence -
A_-._' . ’
k(2n+v)

=)
X (k) = i_z(an)wﬁc ) ;21 (+D) Wy s @

X(x) = ijq wkan'+ Zg e

an _ g__ QK ~)yQm \Pk
(WN —' (e "N) = <€ N/a) -
N1

= g—ﬁ(n)(/d,,, 1 wki-ﬂi(ﬂ) _,,_)@

N/a POW‘: OF FFT



: M- ' Kn
RO = S Ay,
N=o

N =i

Rl = > Fm W
h=o

&F(k)-!- W R (K| — @

K> B (Pesodicity)
¥ (k) = R (K-%) + W Fa(k— -2{-) — ©

& N=8 : KrOl..oo + X (R) = F (k-t) + Wy Fa (k-t)
X(0) = F(0 + W R(0) X(4) = F (0 + W R .
()= Rk{N+ Wy Fao (1) 2 X(s) = f() + w;" R0 -

X (6) = F @ + W Ra®
X(3) = F(3)+ W R (3)

X(2) = F® + W R®
w(3) = F @)+ W A®

" e W

7@ o x (1) ¥
—_— poin* ><
__1_(_‘9____# DFT 2 X (2) b a+w
l@,.‘% : S\ N w7 e o
3 \ = TVN

x(n- J
. AB3)
—_—

«(5) :

7.(0) _’Fo(O) - > } . X(o) . . . S
ok /. At



L) = {0),£0), £, I.(s),...._.,,ﬁ(%-st),ﬁ(.g-,)} o

aad o S Ly e A
AR

Odd sequence = [ey £, (5]

€ven Sequence — {.{1 (o), f, (3) ~~~~~ L (AL {,)}

1 L]_-a { 3
Fi (k) - nZQ(n) Wy -+ Zﬁ(n) W

,ﬁ €Ven odd

|~ [ X0
‘ RSN _.H(O-.\ 2> /i X(1)

() P01m E()_) ‘\\ l//: X(m \ HN_ |

B Ll v \/ / o Wit® o ok
T F o KU K
o w% We
X(5) |
X(6) . *
(?) KX = Apply

W(k) = R(K)+ Wy B (K Pevodily prv

:;;(K+_g)+w,\’f@(k+g-) E(k +w 5( ) y
. r
: K _ ‘“"':)S(ﬂjr)rfme
= X(k)= R(K+ W Ek) | prosa
R = S0 ﬁ(m:.gf,(c»,m, e A

h=o

odd = [0, £@, 6, A )]
oven = {ﬁ(o),ﬁ(a),ﬁ(a), U o -



"'/;1

CE E#(m ey Zﬁm W

n Qn (even) and n (QnH) @C!ol)
Nlg-1 N/u-l

F'(k) = Zﬁ(z‘n)w% -4- Zﬂ(an)L K(an+)
Akn _@Z_T Qkn ﬁl”. kn " ‘
(W)™ = (e)”.\_ = (e‘J fo) & by

. o7 \ Kn ‘ . s ‘
) - W N

b e

E(k) - ZQ(@n)w .;_%_Q(QnH)le wk
N’o ; 7‘ ﬂ--' _ S

- & G (n) bd (/\l\;k 23'1 (n) w’“’+

N=o

FI(K) = Gn (k) + Cm (k)

Fo (k) = (34 (K) + Grga (K)

2B 5 -2

reo = G (k- )+ W Gk
o = Ga (k-8)+ W C‘aa(K— |
B0 = G 60+ WK G () Rk = G (ke2) + W Gia (k-2)
VED) = G @)+ WEGa(e) 9 @ = Gu(©+ Wy Ga(®
W) = Gy (D + W Gr (D) & F(3) = Gu(D +Wg Gn (1)
V(o) = Gy(0)+ WE Ga(@) @) = Ga(0)+ W Gl
wR() = Ga )+ W) Gu() DR = Ga (0+ Wy Ga (1)




=

B (0)[6'?«1 (O) +wg° Gtsz)J
X0 [Gu 0+ 6,

- _x(5)

| N4 |

peint
x® DET

— X (6) [@;’m (o)-ozl,«)g3 GTu(O)J
X&) ’

= Ak) = Gu(x) + wﬁ@@(k)
| R(k) = -Gan (K) + N{f@lga (k)

(n=8)

Each % point % point
(o) and x@r) | 1 4 ) ‘

GI‘HCK) = ZXGD o — 2 . B

Lhen, k=0 G (0) =. B x(o+W x(4)

G (1) = 2(0) "'wn'. x(4)
A . ()



«(0) — >‘<° 1)+ W x@) = X (0) Gu(o)
2
el SRR X©)+ w, x(4) <, (1)
e TS )
x(6) —
&0 = x(o)+x(w
o Al D’Ji'('hm N= ) _ o) —%(w)
DIT-FFT QT (N=3 Gin ()= 20~
N=8 - Nl ( Nlg
| w (0 ! F 0)
Z(O) 2(6) "'X(é})\ ) 7 -‘\\\ | _ )( (O)
NG g v . )\ N /
W | il 4 ¢ - ' g 240
- x(o)—x(:«.;\\ N/ % N /
)70 N\
1(9_) L 6;2.(0) / "//./ o _ﬂ___ / _F; (2 )\;\.\ \/ 4 / .
>< \ . SN \/ p v %(3)
Nt DAV
oy ; - v - X(3)
.| Gald ) ) / =/ \
o) —— . // ‘://j\ . —"'/ﬁ A N N, X (8)
203) LGl - R V. ¥ % (6)
23 L0200 \ “ - A\ %(4)
F(3) '
K+5§ k
wf\l = bwm
= -1




I\ 9 -
"“"’\’ X(k):NZ-'x(ﬂ)W:n AL 8 ¢ M

=0

® Tloiddle +actos of L«J,\'f
X(k) = RK) + W R )

N-\ N-)
FO0- S AW 4 RO < A0 Wi
n=o s

N
N 2% k> M

k=03 XK =R(k-8) + Wr (k- ) penodicity.
When, k=0 X()= f()+Wy R 0) X (&) = F(0)+ WeF (0).
k= %() = F O+ Wy EQ) X(5) =R+ W R (1)
k-2 X@ - F@)+WhRE XO=F@+WREG.
K=3 X@ =R()+ W R () X(3) = 5(3) + Wy RG)

k+M.
R s e L

o A
X (@) = R(0) + (DWW R (0) = %@ = R(0) + ENWy R ()
%(5) = R+ E)wg RO = *(9) = A+ 6D W RO
X(e) = Fe) + COE @ » x() = R@+EDERE
X = RO+ COWTR(E) » X =@+ EDWRE)

Ft(o) r
L) ——— = X(0)

X ()
X(2)

¥ (3)
¥ (&)

% (5)
% (6)
X(3)

(,\,; = <0101 +)0
{ !
= 010 =0 107 = wg

i _




IR e )

() = G (k) + Wy Ga()
Fa (1) = Gia (%) + Iy, Giaa (k)
R(0) = Gu(0)+ We G (0)

k/”0’1\’ F() = Gi() + W, Gl

Fg_(o)"-' GT:M(D) e \/\)ZC"'_\‘QQ(O)
R() = Ga() + W, Gaal()

‘ k=23 R(k) = G (K_.l!.) N/a Gl-;gl(k ﬁ)
Fa (k) = Gra (K-% + 'J\Lul 6’79.2 (k”

kess 2
R(Q) = G (0) + W, Gz (0)

R(3) = Gu() + W 6a (1)
w’\’:*% Ll
F(2) = Gi)+EDW Gul) = R @)= Guo)+ (N, Gia(o)
F(3) - G () + EDlg2 Ga()
R@) = Ga(0)+ EWGulo)
R = Ga )+ EDWEGal)

R () =" Giai (6) + W G2 (0)
R(3) = Gia() + Wuz' Giaa (1)

x(0) —h) Gn(o)

| 3 X (0
X(L-) ‘ &“(U \‘\/‘ ( ))
e X (I
x(» Wi
} _@1_(9)_,)_ 2 G
__X_&)_.._J' N/A‘ 5 f\
= o= ‘ X(3)
00 5
| e | [\1/4 X (4)
L_— X (5)
+4(3) ; j
Al x(6
1(6) N/ 0. )
el = ¥@)

Second DIT twiddle fackee bu,\,k




yu——'ﬁ

leg -1

GII(K) Zgu(n)t Oﬁ.k é‘%—‘ @‘gﬂ
"Iq - D
G (1 (k) = Zx(n) w,,, A
. | N{q_ i ‘
A(h) = X.(0) and x(4)* ydl)
\ 1 7 (2
K=0 Gy) = x(0)=lyp x® b
k= Gy () = X(0) + W, 1) 5
= X (0) +(=1), x(®
=x(0) + (1) WS XM @ %
Qo) o
(D) X W (X (O) G (0) (o
(&) G“‘)‘% \)(C') G“(t) ( (3
>< *(2) 6.0
x(6) — >w, wcz) Gnl) "
Xy —>— x(a) Gray (0)
) i 5 4
x(5) S X x(g) Gy () &
2(2) > * ) G ) 2
x& 2o >/\ x@3) G (1) e
(2
1. (0) —> >< ~— G (o) =>* \ / R (o) [
2(0) >w°:; = (1) = ' El)~ _\ I / A6
% (2) >l =] Q (0) U= N\// e \\// 2(
S EDR YN '
x(c) 7\('1: , (a(1) \u i — [ (3) ] \><></ (s
| 2 P ;
O = >.< &({)% R0) = i ‘/ )
' T ToweR 7, )
@) >’ > — Gn(0) > / 5 — KR > / / \\
W =~ -
il 00 A B adly S
X(?) WO‘-l | [’055' o
* ~0Q0) -j0-103




D.gnd Ji -poink DFT of Ahe sequence X(h)-= {Q.l, L..,?,} Using

DIT- FFT algozithm. |
& (I’\) = {9- Iy 4 3}
QS

+
s 0 |
) 6+Ll = -
| 93A%=6 | 2 ) ¥ (0) = 10 =
e TH A .,\_\/ ' | B
40 | PRp——- I —9*91 Y(t) = “9"’9' - . _6) _¢C
l 1143 L)%:', AR S F te=2 g X (2—) - ﬂ = %),
S .
’ P L e B | ¥(3) 'z 2= = +9-2
> (2)=3 z);._"! -1 -:5:2 9 -9)"3
@x(n)‘—{"ﬁlo"?‘ ' | UM .
0 ==Y
| 4ot y) | |+3=” @)=k ‘=

o) = —> o \/ o ‘
>< r+(—J) - (D s

«x@=0 > = l+o| W — *
1(n=2 > L a4-3 >UL \ gl 381=-9-7, K&) =9 .
u')::,>< \b“d=-j/\ X(?’)

N
)= ok AR g L 1
2 3 4 6 6 F
®xm-1{2,2,2,2,1,1,1,
a T T i, 304 ) ! ~6+6:= 12
\ > —
U= =—— | ;
'I‘f' | g ,'I ~ ' ‘. ‘ o+("j) _
-_t]____ > ¥ s RV F 4
A=A —>7 T = =2 s
W)= 372 T 94=)
X | oH=32
A2 \/\
1(9- >w2;| =1 9= J :"7/\ i Lkl
1 - g
32> X% A -
s W= G sh P/ 50N Taeion ++

i

iy X =

7_(3)=|_->—~— —.‘—,l 9—*?—1 - >|_ » v _ "| 3 j-{'-l .‘1@:'0‘??:}&?“‘_ ;
{(3 [ ‘lo?- l.’lo;tJ, —j 0 aqsﬂo 293, o OQqs-Jo 203 05 1.107+l.1o?1'§

W oy @ x(ié’ e e X®
: - ' ;I,‘.;" 1 '\_.“'L‘-q."J').' :



'Dicimai'ion t)ﬂ F‘F;equenc(j (Qod}x- 9) at N=9 a(ogrifﬁm

— D T e ——

>
X (k)= Pecimation
X(k) Z'x(n)blk" K=0,1,. ... N=

Nlu

T Zx(ﬂ)[d %_.x(n)w:n
n=MNj

= %]'Mn)wkﬂ _;E—‘_ (M a) k(n +8)

- ":Z:‘}'x(n) fanes WMN’LZ 0 (o4 s)
thn)wkn + (_1) Z”X ”“"—)w

£ Z [X(“) + (=0 'x(m- 1)_\ gk

X(2K) = % [X(n) + ) x(n+ %)] i

n=o

- i [x( + X(n+ )]wkn : .k=0;l,.-._,-§-1
n=o

Nfg-!

X(ﬁ)kﬂ) - i[ﬂ")ﬂ—l) 'X(n+ %—)] (2k+0n
[XCH)-— x (n+ jw WN

U, (p) = K(n)—}-?((n"'—ﬂ— ‘FI;U h:OA,.___J'g‘-I q@

() = %) & x(n+ %)L\;j’ e RO e e %4 G
n=o0 U (o) =x(0)+x& N=0 U= % (0) - K(4) Wy
n=0 U () = x(+ x(5) Al U =addd) -x(é'jws'
h=9 @ = x@+xE) n=2 W(2)=-x@Q) -x@E)ws

h-3 W) = 2@ +x@  N=3 W) =AG)-A@)u




|
u(m = xm+x(+ 4 ;
u(n) = XM x(n +2) U, (n) = x(n)—x(m— %) Wy
n:O U((O) = 1|(0)+ X (l) n=0 UQ(O) = L(O)"X[(l) w‘:‘-
n=t U () = XM+ G 0 () = 2100 - LW

Uz () = 2(n)+ % (N+9) Ueln) = % (n) - A2 (n +%)WN1
n=0 Uz (0) = X (0)+ X2 (@) h=0 U4lo) = %00)— L (2w,
n,| U3(|) = ’,Xg(t)-{- 12.(3) N = Uq.(l) u -z)_([) o ')(1(3)(./0‘;_

N4 ’—’"\/
. 0~ (1)

W) —— g
U4(l) | Pomé Uy / \ wq




gy L0 = (2,2,2,2,1,1,1,1}

gn\‘.- & \—,')
’f'l(b)L o ‘75___U‘(0)¢°3'* gy ! sb

|

UJ(')T

X(k'\’ . {ID} l—J(\@") ; O,H—j-\ﬁ- el
2 Calculake the no.of additien and nmulfiplicaion needed in the

Calculation of DFT uwsing FFT alqosithm.
% Multghcation, J I

4 N- 32
QﬂloﬂaN ﬁ%ﬂ%gﬁ > [6X5 =80
Addition ) 4 N- 3 '
N 1033 N g 391'08-),25- -y 39%5 =60 ‘

* O iffexences - ‘
) In DIT the input bit is seversed eohile “fhe owkpuk is nosmal Wdetf
Tn DIF the oubpet bit is Deversed ond the input is in nosmal osdex,
9) Considey the butterfly diagwrﬁ'ﬁ,{jhe complex multiplication takes
place é’é%zre, addition and cubtraction O€ DIF . Howevey the

# N
complex mulfiplication takes place aftey add iHon and Subtraction

| San DIF.
%k Similaities -
) Both the algonthms zequives

Both alqosithms wequise bit seversal ot the Same place c[mri:g opexaton
) 9 qu

the same no.of epevations to Compute T

b




LOFT Unyie elaeﬁsbm

N-I

A = A 2 X (k) W
k=0
: NI * 0 N- ’
-x. = — -kn s ‘* n

X(k) = {u, 1-ja.Li 0, 1-O.Ulk, 0, 1430-Ult, O, 1+)2-lu]
S ) = b, 14241, 0, (404U, O, [=J0ulk, 0, [=52.4iL

DiF = [x@, %@, 1@, 2(6), x (), 16) ,1(3), LB

DT - {x@, 20, %G, XB), @), x(5) » x(6) , X(A)] .




R i

\Cb\%c\ Z %ansgvm

(D Extension of DTFT
OTFT [X(] =x(W) = X(ejw)

Zx(n)e'an-
DTFRSS sfable sast’ém

7- transfosm - ctable and unstable
-)d!au%ol Gl{-eY deslgn and Sgn{’hesis ‘

-

’—{;P&S O—F Z—' ﬁonsgvm -
1) Bilateral os twd sided Z- hansﬁwm
Z o= % (z) = E'x(n)z
W N=-0e

9) Unilo{*eral- 0¥ One -sided Z- :’cransﬁaxm
2[xm] = x(z) 'z__x(n) T

(pegion of COnVeh’Sane (rac) :-

"y

O 7- {‘ronsﬁmm 391-5 converges
@ Values of Z can be Calwlaked

Propexties: >O‘p ROC -
O The ROC is o wing ov disk in the 2-plane, centeved to the 031 gin.

\ ' — W 7 Re(2) B s
9The ROC does nok contain any poles ,¥e) = frdevalues = |
D) I{' 'X(n) is finite dtﬂﬂﬁbn(ﬁnghf—-Srdecf Seq;uence) Hle ROC s entive |

Z- p!ane except af Z=0.
TP %) e infirife dusation (lef - Sided Sequence) Hne ROC is entive
2-plane except at 2= 0.




x(n) = S(n) Tm(2)

e
/% Re(Z)
™ 2-plane

@ T‘p the ROC is 'zjlgh{ sided seq}ience

o (n) = oL U) // g?w
/// ) / Re(a),

@If the ROC is left sided Sequence rS
: Re(T)

W —= RQC;) :

@I‘p ROC is two Sided Seq,uence s COHCQD{Y'C 91mj

|5 Ot.cﬂ‘s;de the Cl)’de
u(r\) l—{' h"O

O n«<o

P

‘_"
{

@IC x(n) i¢ vational numbey , the ROC 15

oy ex Ee;f(?’)‘f:o infin ufj M
Re(2) //\L////

quq Sjded Séqglience-

p’a"ove the sequence
&) a(n) = a" u)

|

Re(z) G
A = uln) = Lul-n=L) . . ,ﬁ“\\ﬁmc el

? Re(2)

boundeof Igy poles ,Ora’,

A

9"!8% Suc{ed Secpuencp 4

2[xo]+ x(z) ZXO" | win sidib@rdot (@509 S f Hin
|

= "b"" $) o b sk o0 o |4 =G

L PO e el S '
Rt n—-ZcO % &% e ol <2 =lor

S 2>l

= 2 @) h
L s




U(-n-1) - {I fo ne -t

6 for N20
/‘in‘an= am__ana.-ﬂ
B @y~ -a'uen-, £l Tl
Zxcn) 5N ! fﬂ" . a' —a”"
2] = X(2) = . -0
: & o0
-n st Q
o Z—-Q"u(-—n-l)'z ZO = o
h-.—_~0=" | {
X (2) = i ot uen-1) 2" s s n I
g N=o | Z—(Q‘z_") 7 [—Q
oo N=o
SR ()" s 5 .0
A nZ 2@ = 13
S 2]
acz el o b (8o Tp<]
-

3 | =azZ Jic=(t5s 7-% 2

' i e ] Z >|[al

2 =7 |

@-pncl the ROC and Z-tandosm of the Owisa[' Sequence
x(n) = {' 11, 0,5 =20 30l

X(2) = Zz(n) 2‘” . i?‘(ﬂ)l‘”

nN=6 |

11

X027+ ()2 # )2 A XB) T 4 2+ X (DS
=il 027+ (Fa) 2 2 #3223+ St + 475

DT xo = {5, 3, -2;05 47, 23) find X(2) and ROC
A finie 5€%€n7€€
=58(h) + 3 8(n-1) +(-2)8(-2) + 6 S("-3) + 4 S(n-4) — 385(n-5)

=5+ 3970 O R O ARt e




© ‘Eﬂd -'Z_— {*fansﬁum and ROC of anbi Caugqt \Sequence

A(n) = {4,3,3,4,-9, K
/)\

| g i,

il Iy | v
‘ Q) () = La" u@\n_l), Zn}an an_ _:a;.}
ucn,)_{ fox n<- s e '=‘!~:Z.
fr n>0 .
K(2) = Zx("‘)?-—n F o2 Aee a'zl <) (7:) =ab‘
=% i =] Ry
2 —a~Z |2 <@
= 2_-0Tun-) 2" L2 1 8 o) calg]
= =00 e » I
e g
= Z = an 2—0 a = T 2
n:—r i 7 /F\Im ('2_
= e BT e SO =T _
2 SN
oo E Z=0 7 / Q C
| =N a" Zn 62.)
i X(2) = ~—2—i / (
oo 20
A aa) s |

) e@) - ek 950( )U(“) 'Qd 2. ﬁYansf@’um and ROC

@ ‘Fr)d COnvo(,uf:iOn Of 'X(”) = (Q) u(n) * (—L u(n)
R B 2% @) @)
- uln) Sub) 5 anud) —A 0
A (%O ¢ 2]




| e —

PJDP@S{‘j Z - transfosm ROC \
o b Ly e—> Xi@) i |
X5 () «—— X2(2) =
27
0 L'mea-a'u{:j Qx () + b®) « Ri N R,
A Xi(2)+ bXa(2)
' 5 i il entive 2-plane
- “Time dolmj o (n-m D 2 X (2 except 2 =0
me
P l—f)ldme
y Sh %nﬂ dvance ~ (n+m) &5 2Mx(2) eﬂbxg‘;“# L i

@ Mulbplication by
exponential Sequence
on scading m 2-domain

@ ’ﬁmg q\eversal :
1© Time expansion
O Biffesentiokion I

=2 —domain
B Conjugation

€ Acwm(qf:mn
@ Convolufion

O Mulﬁp[r‘caiﬁof_l.

0 Cowselation - |

(2 Paygeval's {'heozem

@ Initial value theozrem
Ofnal value Hheorsem

2
an un) ezi'é X (E)
2(-n) <5 X("‘—')

'xg?z) ZAlcs XCZ-)

S”.—X(z)

n xX() S5 -2 d'}_

() =TS X*él*)
'Zx(k) "’"’ X®@

() * L) &5 %(2) %0

xmrn®>”"§m@)
e XE)V
Rave, () = X (ny @ 4,(n) &5

Xi(@): Xaz")
le(n) Gl 1L § X, (V) xﬂ
o) = Mooy o L it

n-)ao X2
r'g-o- X() = h=)0 X(?‘)

X (o) =

!

9142492_

At [east the.
intex section of PuQRz.

A+ Ieas{- Hue
R Rap <1zI<R Ry
Ab (et mjcersecbon

of the ROC of
Xi(z) and X% ()




7 - transfosm

ROC

13

1)
\

—
All 2 plane except at
2=0 and 2=

[z > |

{2 < |

12'|

[2] < |

Al 2-plane except ak-
O and 2= 00

Izl>a

[Z] "< %

[

2124

(SIS

N5 52 lieilf

"['zi < (al-

wilezli>|




AN

—_7
[
Gequencé 7 - transfssm ROC [
Cos T 2 (core) 12) > |
2.9- 9z cosw + |
Sin wn W) 2 Sin W Mo |
2%_Q2cos5w +I
- \z( > lal
" cos wn w ) A le
5% Qa2 Co5® +a
a" Sin wn u(r\) a2 gin W l'zl 7{&{
-2 —9a2cos w+|
)
(n+) ah u(®) Z 2] >a
G-2)G
’nU.(-n._') 74 '.2'4‘
z-1)*
nar U (2%0)1 |2l >a
E)(n—*)a”'zu(n)] =2 i =
-'-__—-—-——___-__-.— —-—
2, L G‘ 0)3
e+
noy. [N0-)8 Ly (20> q
g == (z-a)
(k=)
e b e T el RS Blia
n a ) k‘401 (cll !-—QZ—{
(nl ' .‘ p =
a'-' = E0 lal<2<{.é’
sifidaz) @razi) sk el




’ Q)‘Qnd the initial and final value thevwem if X(2) 16 gien bﬂ

2] () @) 82+3
(z-06)° u(z-1) (240%) (2+0(2+3) @)

])veu@ 7 - transfosm -

okt s 1oy 2M"’+‘b12”',3 SR = +bm

| a2+ a7 A
() The soots OF Numeratoy polynomial aw those value of 2
£y which X(2)=0 and aze vefevved as 2eve of X(2)
i (" The wots of denominatos po[jnomiof cene those valueg of 7

| for which, X(2)=9% and coe yefexved as poles of X&)
- P & |




| —————— T T —— T
4> Tn 2-plone ) the locatipy of s oS Bpe, BeprRsenteeiy

(*) gmall Ciscle wheseas the |ocation of poles axe
'zsep*aesen-ked bvd Cy¥0565 ngbol (,(,().

TheSe ave fous methods o calculate inverse Z— transfos m ‘

(1) powe¥ gevies Mmethod / [ong division method

(i) Pastial frackion expansmn method -

’ (i) Complex nvexsion m{—eg]m( me thod (ResicLue method)

(v Convolution %{'egmﬂ method -

() Powey Sexies mefhod / [ong dms;on me{—hod
2[x)] = X (2) = S Xz '
N=-0

| % ignal
i) 2 x(n) = . X -n (CG-USO,‘ S 3“ |
(x() X (2) nZ; (n) 2 WSfaba
s O F XM T @ T4 X2 230
ROcHEz >a

W z[xm] = X@ = nZ&XC”)Z_n (At cavsal 913:\0’)

LX)+ A (8)2"+ x(1)2' + X (0) 2°

- X2 +... ..
RO ¢z <ia =
Al N@
X(2) = 2<a  D®@

@) find the inverse 2 - bansfosrm . O-p“

X2 7L (i 2+l-—92“'-——32 %423

X(2) = X 3)2 1 (-2)22 + x(-N2' +x(02°+ x(t)z"+x(a)2 +'x(3)2‘3

x(m={t,2,0,1,-2,-3,4%
rr\




"

Z (l az") (l -az ’)

A ( [~ az-')

‘: 'Z. [H— 027! + (ap_-') + (02")3 ]

2. +a'Z-(a-I- On'?_ + 0_32

4',4_,__..

T A

nZ Ctn 'Zh — Zan_{ u(n-l) Z-n:_ X(k) saa
=1 ] S ;e [ W | .

x() = dulh-1)

Q —— ; Izl>a

(=102

= s apEl as (a?_")1+ CQ‘Y')'B-{- B o

0°
= N
S T gAY = a"uln)2

a-f1=0

@ = a"ul,
Q) X(z) = cos(32) , RoC |2l < @
&) x(2) = Sin(g2) , Roc (21 <&

X pansion sexiés,




]
P Pl TGt

N= -o°

b -3 6 4 g&7.""-——125’)-!— 12"}
© g0 g (]

( "8[ .@—%/Ol’ilo;i]

=t
Sl SRl

—gSinion ) 0o e

- i(—l)k eakﬂ
= (@Kl

Q) %@ = In (14 2-1) ; Roc: [2[>0

' L CF o e, B
Inde) = BT S S E L g

(2 ne®) = ot G ¥ [l
k=t

X2 XD+ XEN2 + A (0)2°




2 . [d~tPal F-mc"hoﬂ G‘Y\Pof)’ISIO*) He‘ﬂ'vod o

e

Z

i _ N(2)

DCZ) ~ NCZ)
cose -0 T4 X2 aom

—

A

»

octs  of %ctinet Po\es.
S

L S

| e
e z-) ) Y

S'l.'& o+ {_{ 'Tlu'mbey

ke

I

o0 | Te ec‘d‘ed FOIPS
Sl X(2) consi of P

7_

|

Cz?ﬂl - h_:l—ﬁ @-QL (2,.,)3 T e

=\
(D) el SR

3-42+2

@—‘ ) > S
325~ 4Z'+|
7=

1L [
Tperlz .':lg*z. 4+

Gy, =

2k @"I) Lz—-lé)

' I il
% - % fenel
g Q : |
z—5
' b =)
‘ 75_%2__) & [ £ CZ'——)] z’ fz—é
A - Gl st 'KC27
(Z-‘DX [-QZ-D CZFB)‘}\ L)
faf il (R
<) [9.] = _é_‘




6= - 8

= (2- §)~ _?,;[éz-l) '('2“!5)]

= ‘/
= 3 = '] T o
5 2= 2= t6 B REap) 53X D
B= ~&
= | i
= X (z) = gzl;g
o XCi) LA R | . 1
e ey (z-g)]
Tak‘\"ng =7 both | the $Tdes:
aAln) = — [Uc'n) (3 Um)] Roc Izl>4
sz%@ , Roc  I2|>a.
i) SR i e D
QZH? :»-_+:L)'L @+n3 i LZ+&)
(2-+oz) X (z-1) l
; | (Z+DE’CZ_+)_) i =,
D v
Gd+\)5 7 —é__'_)é, = g
. 0:3
= e =-1) |
‘ (=2 (z+) z="|
s 2 ogipl (21 £
Sl e =
D@m= pl !
o= jh—;L d 21 sz) "J‘ lh‘i '7] W S R ? I:”'_ :
S e [Cz+D \ e Lianie
=i d %—PDB 1 2z '{-Q]ﬁ ok
=] = dz [ LZ-‘H_)B C?-I-i) ;
Z--"'|“‘€"‘, ,:wﬂa‘l




-‘-

e

dmvevsge Z tvameform 45—

B Recidue Method }(o'mplc"n mvevgi’of) mlecd’ral Hﬂho“,COTFf'OLOIHetM& 2

z (""C"ﬂ] 22D = zqm) z (bu lsteal)

mn=-—00

= i’l(*n‘) e unlteral)

LN
i
Ny
i

ftc'n) =

When  cyepresenii the Cqmle Im zwph'ft’_ ‘m RoC Of X(z)

AN => peSdues 6f YCz)Z = stthe Fo‘eﬁ ?nddes the ¢

2de ~the c-
Qfstfnct - W) = < (z-zf) X2 S tthe poles Meide “the

TCPeo:ted' “J—nembe o+ poles :
A (z—z‘:’)K (2" )
dz*{'{

at the pole_s NLide C -

’}LC'Q') ) ____L——Lk—\)!

=i}
|22
DL the Tmverse 2 =tramaform of K2)= P _!_37.:2,?06,2‘{1)

Lu?nea Rasdue . method -

Sy 2(74+9) gl ey
z ez +3 &) (z+2)

.n_ .5 2—-—— ‘
wCm) = > Refidue of xHz™ at pole
ok Pole.s =) r
n—) i "
L_\

L+D (z+%)

() i ks ‘Z'n('z-\»z)

Z:f-E)_ ‘

= e Cwd) o
L

am) —




R
| ‘Tmﬂ\ .-:—2'-_'[“071 ot Z=« |
2[R M) = (g3 224 -

EH) Cz13)

: Z e 3
""m = A4 (Z42)
. ) 2 = —2

:‘M ey
P

— 2|

A = (g (DL @37

. @ Determime the fmveTge Z:T'rans—?o'rm o

et pOC 1[;.__
X(2) = l;.jT— [ 4

L.__..F

Sk
'g:f}/ X (=)=l ABZ |
| == pochl=lEr
(=) !
'1('”'): el dk—'l K M- o+ lest=z= '/
et T ’ =) A&l po ¢
D] d,____ZK_I Z’_Cz =) X

= -—L—__Q.LBZ'n
P ElES

'n—\‘

= SRS Z'-
" L)~ 1 gn e
‘ @Deﬂew'rnme “the  Gnverge z-tamsfoem of i
, P2~ S 7y baig Restduwe mﬁf*bdf i<l
: ' (ZH)* (=t ’ .
.g#’ | 5 .:l k- "z K Cz)z
WL = _@_.)‘ 4z Z@ )

o ” _3[,_ Cz+D Gt ')2CZ+")3 F .

gl
= H_i- _%__,_)5




@3 n2"" 9" 548"
i Z+2)6

2E-

3 (i) eD” 1
ol
oo at pole A U
e s e dz (zﬂ e+ rEDE

' 2—“’}
TP&EW’— S

' K(Z)- Z gL __'2")"'1 5 425,'_]3___ 1526-”_‘_'3] -
P (

1}

usts be Fus?fcl’\fﬁ -

2. both the qrespd&% am
3= I- 2 FM+3] V(M)

Spbohen Roc 121>
. e =
sptohem Roctz| 21, wth the ~esidues uat“ be WE}@WQ
- n yen-D) ¢ — O™ (o125 = 12503

0s posttive amnd

_fnt3) e Y +E&)" fb 32

:)UC 1)

'&Cﬂ) - —~Cfn+é)C

Whe’ﬂ Roc |« |zle 2, pole ot z= —|
: ot
A S L) @M U —

—

oy [o- 125"~ 1250+3) UEn-1

O 4 Comvolution H‘mﬂd o
Vol K
Ztmcfnﬂ = @
-z (Agfd) = Xo )

IIIIIII

CO'Tl\fo ILCU.OT] He'ﬂ\od

—. . Z[rx,('n)‘% Aol =

g




- (9_7“ yen) - @M uen) Vo) = 5%};._3)

= Z ) - Mo (=)
%@‘ o BN U0

[an) =" UM

UC‘“’K) =N = '__Z'__-

=iteh % @(s) U - =
=10)

- " = (&)
- ;_ O (B3 ._CL.
Ny b | —&
= o_o_._a
P B

|—O-

(n) ¥ho(N) = g" _n,__(ﬂl

A (’MC‘ﬁ)“’r ’ch‘ﬂﬂ = 8 ‘m—‘

BQFUG{D 7 'Y'H‘ Uc,n’)

- yued U('n)—
ZOL

—tHomsform

0 _a@) Find —lrhe gnverse =
of x(2D) = _) Cz—i) C’ﬂa
: Co'rwolu.‘t%n met

Xy (2=




